Summary YKL-40, a growth factor for connective tissue cells, is secreted by cancer cells and macrophages. Elevated serum YKL-40 in patients with metastatic carcinoma has been associated with poor prognosis. We evaluated serum YKL-40 in 131 patients with small cell lung cancer (SCLC). Twenty-two percent of the patients with limited disease and 40% of the patients with extensive disease had elevated serum YKL-40. The median survival was 5.1 months for patients with elevated serum YKL-40 and 9.0 months for patients with normal serum YKL-40. Patients with elevated serum YKL-40 had increased hazard for death within the first 6 months after the start of chemotherapy compared to patients with normal serum YKL-40 (HR = 2.06, P = 0.009). Multivariate Cox analysis including routine prognostic variables showed that serum YKL-40 (P = 0.02) is independent of prognostic variables for survival within the first 6 months. Studies are needed to determine the function of YKL-40 in SCLC.
Introduction
YKL-40, a member of the mammalian family 18 glycosyl hydrolases [1] [2] [3] , is secreted in large amounts in vitro by the MG63 human osteosarcoma cell line [4] and expressed selectively by murine mammary tumors initiated by neu/ras oncogenes [2] . A search of the YKL-40 protein sequence against the dbest database at the National Center for Biotechnology Information has shown that YKL-40 is expressed by several types of carcinoma (breast, colon, lung, kidney, ovarian, prostate, uterine, osteosarcoma, oligodendroglioma, glioblastoma and germ cell tumors). Gene expression microarray analyses have shown that YKL-40 is one of the most differentially expressed gene in papillary thyroid carcinoma [5] , glioblastoma multiforme [6] , and extracellular myxoid chondrosarcoma [7] .
The gene for YKL-40 is known [8, 9] and located on chromosome 1q31-q32. The crystallographic three-dimensional structure of human [10, 11] and goat YKL-40 [12] are described but the site and mode of binding to cell surface receptors is not yet known. YKL-40 is a heparin and chitin-binding lectin [3, 13] without chitinase activity [1, 13] . The biological function of YKL-40 in cancer diseases is not known, but YKL-40 is a growth factor for connective tissue cells [14, 15] and a potent migration factor for endothelial cells [16] and vascular smooth muscle cells [17] .
Serum levels of YKL-40 in patients with glioma are related with tumor grade and burden [6] . Increased serum YKL-40 levels are found in patients with primary and metastatic breast carcinoma [18] [19] [20] and ovarian carcinoma [21, 22] , and in preand post-operative samples from patients with colorectal carcinoma [23, 24] . It was found in these studies that high serum YKL-40 levels were related to short recurrence-free interval and poor survival of the patients.
The aim of the present study was to evaluate the value of pretreatment serum levels of YKL-40 in patients with small cell lung cancer (SCLC) at the time of diagnosis in relation to disease stage and survival.
Patients and methods

Patients
One hundred and thirty one consecutive patients (82 males and 49 females; median age of 57 years, range 37-79 years) with SCLC from four different hospitals were included in the study. The patients participated in the ''Copenhagen Lung Cancer Study Group'' [25] . At the time of diagnosis and before chemotherapy, blood samples were collected from all patients. Exclusion criteria was prior cancer. The patients were included between April 1989 and January 1991 and followed until death or at least 64 months for censored observations (range 64-92). One hundred and twenty seven of the 131 patients died during the study period. Time to death was measured from the date of starting chemotherapy. There were 24 early deaths (i.e. within the first 30 days), progressive SCLC = 12, toxic death = 5, cardiovascular = 3 and ''unknown'' = 4.
At inclusion, all patients had a medical history, clinical examination, a full blood count and a biochemical screen of renal and liver function, a chest X-ray, and ultrasonic verification of suspected supra-diaphragmatic lymph nodes. Lung cancer was confirmed by plain chest X-ray in doubtful cases supported by a computer tomographic (CT) evaluation. SCLC was confirmed cytologically or histologically. Malignancy in a pleural effusion was confirmed by the demonstration of malignant cells. Abnormal biochemistry indicating liver involvement leads to ultrasonic examination of the liver with biopsy. All patients had a bone marrow aspiration for verification of malignant involvement. Before treatment, the patients were classified as having limited or extensive SCLC, based on the basis of clinical examination, chest X-ray, bone-marrow aspiration and biopsy from the iliac crest, and ultrasound of the liver with biopsy, if possible, of suspected regions. Limited disease was defined as disease confined to one hemithorax excluding proven malignant pleural effusion and chest wall metastases. Ipsilateral supraclavicular lymph nodes were included in the criteria of limited disease. At the time of patients enrolment in this study, staging methods were different from today. However, the international staging procedures were followed and CT was not obligatory. The simple staging of limited disease or extensive disease was ''state-of-art'' and no one considered TNM or ''very limited disease'' classification as surgery was not a treatment option. Performance status was scored according to the WHO system. Patients were treated according to treatment protocols, including combinations of platin analogues, podophyllotoxin derivatives, alkylating agents and vinca alkaloids [25] . None of the patients were treated with surgery or radiotherapy. The study was performed in agreement with the Helsinki II declaration. The research protocol was approved by the central ethical committee. The patients were informed about the possibility of withdrawing from the study at any time. Further details about some of the patients are described elsewhere [26] .
Healthy controls
The normal range of serum YKL-40 was determined in 260 adults (116 males and 144 females, median age of 48 years, range 18-79 years). They were all healthy, were not on any medication, and had no clinical signs or symptoms of cancer, joint, liver, kidney, metabolic or hormonal disease [27] .
Biochemical analysis
Blood samples from the patients were taken before the start of chemotherapy. Serum was separated from cellular elements by centrifugation within two hours after blood sampling. All serum samples were stored at −80 • C until analysis. Serum YKL-40 was determined by an in-house RIA [28] using rabbit antibody raised against human YKL-40. The sensitivity of the RIA is 20 g/l. The intra-assay and inter-assay coefficient of variation are <6.5% and <12.0%, respectively. YKL-40 is stable at −80 • C for at least 10 years (personal observation) and the measurement of the serum YKL-40 concentrations in the patients was performed in 1996. Smoking has no effect on serum YKL-40 levels (personal observation). Serum LDH was measured by routine method. The serum LDH level was not determined in 10 patients.
Statistical analysis
The SAS ® software package (version 8.2; SAS Institute, Cary, NC) was used to manage the patient data and to perform all statistical analyses. A normal reference region was calculated as described by Royston [29] on the log-transformed serum YKL-40 values of the healthy controls adjusting for age, and the 95% percentile was chosen as the upper limit. The serum YKL-40 levels in the patients were scored as normal or elevated (by the normal age adjusted serum YKL-40 level as described above). The end-point for survival analysis was death of all causes as well as cancer-related death with survival time measured from the day chemotherapy was initiated. The Kaplan-Meier method was used to estimate survival probabilities, and the log rank 
Results
The median serum YKL-40 concentration in the patients with SCLC was 172 g/l (range 48-2481 g/l) and significantly elevated (P < 0.001) compared with the level in the healthy age-matched controls (median 102 g/l, range 38-514 g/l). Thirty-three percent of the patients had serum YKL-40 above the 95th percentile (age-corrected) of the healthy controls. A weak but significant correlation was found between serum YKL-40 and age in the patients (Spearmans ρ = 0.23, P = 0.008). No correlation was found between serum YKL-40 and serum LDH (Spearmans ρ = 0.08, P = 0.40). Table 1 shows the associations between serum YKL-40 and LDH levels and age, performance status and disease extension. Patients with extended disease (n = 72) had significantly higher serum YKL-40 (P = 0.004, Wilcoxon rank sum test) compared to patients with limited disease (n = 59), and both patient groups had elevated serum YKL-40 compared to controls (limited: P = 0.019; extended: P < 0.001, Wilcoxon rank sum test). Twenty-two percent of the patients with limited disease had elevated serum YKL-40 (i.e. higher than the 95th percentile of the age-corrected healthy controls) and 40% of the patients with extensive disease had elevated serum YKL-40. There was no difference in serum YKL-40 between the age-group (<70 years versus ≥70 years), gender, performance status (≤1 versus >1), and serum LDH (≤450 U/l versus >450 U/l). Serum LDH was also significantly elevated in the patients with extended disease compared to patients with limited disease (P < 0.0001, Wilcoxon rank sum test).
Serum YKL-40 in relation to survival
The median survival time was 7.7 months. Four patients were long-term survivors (i.e. survived for more than 5 years). The median survival time for the patients with elevated serum YKL-40 was 5.1 months compared to 9.0 months for the patients with normal serum YKL-40. Thirty-six percent (15/42) of the patients with elevated serum YKL-40 died within 1 month compared to only 10% (9/89) of the patients with normal serum YKL-40 (P = 0.0004, chi-square test). The Kaplan-Meier estimates of survival stratified by serum YKL-40 are shown in Fig. 1 . High serum YKL-40 did not predict shorter survival after start of chemotherapy compared to patients with normal serum YKL-40 (P = 0.14, log rank test). Visual inspection of the Kaplan-Meier curves suggests an increased number of early deaths in the group with elevated YKL-40, and testing the null hypothesis by Wilcoxon test suggests a significant difference (P = 0.003) attributable to the early deaths.
The median survival time for the patients with elevated serum LDH was 5.5 months compared to 10.4 months for the patients with normal serum LDH (i.e. ≤450 U/l). Nineteen percent (12/64) of the patients with elevated serum LDH were dead within 1 month compared to 18% (10/57) of the patients with normal serum LDH (P = 0.86, chi-square test). High serum LDH predicted shorter survival compared to patients with normal serum LDH (P = 0.006, log rank test).
Univariate Cox regression analysis showed that SCLC patients with high serum YKL-40 at the time of diagnosis did not have a higher hazard for death within the following 24 months (HR = 1.33, 95% CI: 0.91-1.95, P = 0.14) compared to patients with normal serum YKL-40 ( Table 2 , left). Univariate Cox regression analysis also showed that SCLC patients with high serum LDH, patients older than 70 years, patients with extensive disease and high performance status were predictors of poor prognosis ( Table 2 , left). Multivariate Cox regression analysis showed that age, disease stage and performance status were independent prognostic variables of survival ( Table 2 , right).
Thirty-eight (53%) of the patients with extended disease and 15 (25%) of the patients with local disease died within 6 months after starting chemotherapy. Univariate Cox regression analysis with serum YKL-40 levels as a time dependent covariate demonstrated that patients with an elevated serum YKL-40 had a high hazard ratio for death within the first 6 months (HR = 2.06, 95% CI: 1.19-3.54, P = 0.009). Multivariate Cox regression analysis of survival of patients with SCLC within the first 6 months after starting chemotherapy showed that high serum YKL-40 was an independent prognostic variable of short survival (Table 3) . Censoring 12 patients dying within the first month of treatment related or unknown causes showed that high serum YKL-40 suggested early cancer specific death (Wilcoxon test, P The strata are patients having normal serum YKL-40 (n = 89). The cut-off limit is the age-corrected 95% percentile of serum YKL-40 in healthy adults. The P-value shown is for the log rank test for equality of strata. The number of deaths is shown for stratum A and the number of patients at risk in the stratum is shown for 0, 6, 12, 18 and 24 months.
= 0.03) in the time-dependent univariate model (P = 0.07) as well as in a multivariate model including all covariates shown in Table 3 (HR = 1.76, 95% CI: 0.93-3.34, P = 0.08).
Discussion
This is the first report on serum concentration of YKL-40 in patients with SCLC at the time of diagnosis. We found elevated serum YKL-40 in 22% of the patients with limited disease and in 40% of the patients with extensive disease. There was no relationship between serum YKL-40 levels and LDH and performance status of the patients. The percentage of patients with extensive SCLC with elevated serum YKL-40 is comparable to the percentage of patients with metastatic breast, colorectal and ovarian carcinoma with elevated serum YKL-40 [19] [20] [21] [22] [23] [24] . The present study also showed that an elevated serum YKL-40 level at time of diagnosis reflected increased lung cancer aggressiveness since patients with high serum YKL-40 had shorter [19] [20] [21] [22] [23] [24] . It has also been shown that serum YKL-40 was independent of serum CEA in colorectal cancer patients [23, 24] , of estrogen receptor status and HER2 status in breast cancer patients [20] , and of serum CA125 in ovarian cancer patients [21, 22] . Cintin et al. [24] found that during the follow-up of curatively operated colorectal cancer patients a high post-operative serum YKL-40 level was an independent predictor of death within the following 6 months [24] . These results suggest that determination of serum YKL-40 may be useful as a ''prognosticator'' in patients with cancer, including SCLC. It may be of clinical value to identify SCLC patients with a very poor prognosis (i.e. survival <6 months). Patients with very poor prognosis could be offered special treatments with, e.g. few side-effects in order to obtain maximum quality of life in ''terminal life'' or new alternative treatments. Our result of the prognostic value of serum LDH levels is in accordance with the literature showing that an elevated serum LDH is a prognostic parameter of short survival in patients with SCLC [30] [31] [32] [33] . When serum LDH was included in the multivariate analysis it was not an independent prognostic variable. The present study also suggests that high serum YKL-40 predicts death within 6 months in SCLC patients independent of the serum LDH level and the effect is diminished with time. Serum LDH predicts survival over a longer period, and a time dependence similar to serum YKL-40 could not be demonstrated.
Lung cancer is the most common cause of death from cancer in western countries and was responsible for 157,200 deaths in United States in 2003 [34] and 330,000 deaths in Europe in 1995 [35] . SCLC accounts for approximately 20-25% of these deaths. Despite new diagnostic techniques and therapy, the overall 5-year survival rates for patients with SCLC remains low at about 4%. There are no routinely used serological parameter for screening of SCLC and screening studies using chest radiography or computed tomography have not shown a reduction in mortality from lung cancer [36] . The patients included in present study were treated in the period 1989 to late 1991 with standard chemotherapy regiments for treatment of SCLC. Forty percent (53/131) of our patients were dead within 6 months and 21% (15/72) of the patients with extended disease died within the first month of starting chemotherapy. The anti-neoplastic treatment for SCLC has changed since this study started but we have no reason to believe that the population or the biology of the disease have changed significantly since this study started. We must of course be cautious, but we think that the results can be implemented to more modern studies of SCLC patients.
YKL-40 is not specific for SCLC. It is secreted by many different types of solid carcinomas and also by non-malignant cells in tissues characterized by inflammation, tissue degradation/remodeling or ongoing fibrogenesis. YKL-40 is produced by macrophages [8, 13, [37] [38] [39] [40] , neutrophils [41] and arthritic chondrocytes [1, 40] , and has been found in the fibrotic liver [42] . Elevated serum YKL-40 levels are found in patients with non-malignant diseases such as severe active rheumatoid arthritis [28, 40, 43, 44] , severe bacterial infections [45, 46] and liver fibrosis [42, 47] . These diseases are not difficult to diagnose.
Unfortunately, the exact biological function of YKL-40 is unknown. We speculate that YKL-40 producing cancer cells may have a different phenotype than the non-producing cancer cells, and thereby YKL-40 may reflect differences in the biology of various cancer cells. YKL-40 exhibits growth factor activity for cell types involved in tissue remodeling processes and increases growth rate of fibroblastic cell lines derived from osteoarthritic synovium, fetal lung and adult skin. YKL-40 is effective in a concentration range similar to IGF-1 and works synergistically with IGF-1 in stimulating growth of the fibroblasts [14] . YKL-40 may also have a role in angiogenesis, since it acts as a chemoattractant for umbilical vein endothelial cells, stimulates migration of these cells at a level comparable to that achieved by basic fibroblast growth factor, and modulates their morphology by promoting the formation of branching tubules [16] . It has also been demonstrated that YKL-40 is a novel adhesion and migration factor for vascular smooth muscle cells [17] .
In conclusion, we found that the serum level of YKL-40 in patients with SCLC reflected tumor extension and that patients with a high serum YKL-40 level had a poorer short-term prognosis compared to patients with normal serum YKL-40. This finding should be validated in an independent patient sample. The biological function of YKL-40 in cancer diseases is unknown, but YKL-40 may be involved in cancer cell proliferation and angiogenesis. Hopefully, the function of YKL-40 in cancer diseases will be elucidated in near future.
